In the recent years, the field of Fast Radio Bursts (FRBs) is thriving and growing rapidly. It is of interest to study cosmology by using FRBs with known redshifts. In the present work, we try to test the possible cosmic anisotropy with the simulated FRBs. We find that at least 2800, 190, 100 FRBs are competent to find the cosmic anisotropy with a dipole amplitude 0.01, 0.03, 0.05, respectively. Unfortunately, even 10000 FRBs are not competent to find the tiny cosmic anisotropy with a dipole amplitude of O(10 −3 ). On the other hand, at least 20 FRBs with known redshifts are competent to find the cosmic anisotropy with a dipole amplitude 0.1. We expect that such a big cosmic anisotropy can be ruled out by using only a few tens of FRBs with known redshifts in the near future.
I. INTRODUCTION
In the past few years, the newly discovered Fast Radio Bursts (FRBs) have become a promising field in astronomy and cosmology, which is currently thriving and growing rapidly [1] [2] [3] [4] [5] [6] [7] . In fact, since its first discovery [8] , more and more evidences suggest that FRBs are at cosmological distances (see e.g. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] ). So, it is reasonable to consider the cosmological application of FRBs.
One of the key measured quantities of FRBs is the so-called dispersion measure (DM). According to the textbook [20] (see also e.g. [21] [22] [23] [24] ), an electromagnetic signal of frequency ν propagates through an ionized medium (plasma) with a velocity v = c (1 − ν DM = n e, z 1 + z dl .
Using Eq. (3), one can observationally obtain DM by measuring ∆t between two frequencies ν 1 and ν 2 .
On the other hand, since the distance dl along the path in Eq. (4) records the expansion history of the universe (see below in details), the observed DM can be used to study cosmology. It is worth noting that DM is traditionally used to observe pulsars in or nearby our Galaxy (Milky Way) and other objects, but now is also extended to FRBs since the first day that FRB was discovered. For typical FRBs, the observed DM is O(10 2 ) or O(10 3 ) pc · cm −3 with negligible uncertainties of O(10 −1 ) or O(10 −2 ) pc · cm −3 [19] , and ν ∼ GHz, ∆t ∼ ms. Most of the published FRBs are at high Galactic latitude |b| > 10
• [19] , which is helpful to minimize the contribution of our Galaxy (Milky Way) to the electron column density, DM. As of Jan. 2019, around 80 FRBs have been found [19] mainly by the telescopes Parkes, UTMOST, ASKAP and CHIME. In particular, the number of FRBs increased rapidly after the (pre-)commissions of ASKAP and CHIME in 2018. In fact, the lower-limit estimates for the number of the FRB events occurring are a few thousand each day [1, 25] . Even conservatively, the FRB event rate floor derived from the pre-commissioning of CHIME is 3 × 10 2 events per day [17] . Therefore, the observed FRBs will be numerous in the coming years.
As a very crude rule of thumb, the redshift z ∼ DM/(1000 pc · cm −3 ) [2] . For all the 80 observed FRBs to date, their DMs are in the range 100 ∼ 2600 pc · cm −3 approximately [19] , and hence one can infer redshifts in the range 0.1 < ∼ z < ∼ 2.6 crudely. However, in fact, only the redshift of FRB 121102 [11] [12] [13] [14] has been directly identified (z = 0.19273 [12] ), which is the only repeating FRB source before CHIME. Very recently, the second repeating FRB source was found by CHIME [18] , and it is reasonable to expect more repeating FRB sources in the future. As is mentioned in e.g. [22] , there are three possibilities to identify FRB redshifts in the future, namely (i) pin down the precise location and then the possible host galaxy of FRB (especially repeating FRB) by using VLBI observations [26] . (ii) catch the afterglow of FRB by performing multi-wavelength follow-up observations soon after the FRB trigger [27] . (iii) detect the FRB counterparts in other wavelengths (for example, Gamma-Ray Bursts). Since the field of FRBs is growing rapidly, similar to the history of Gamma-Ray Bursts (GRBs) [4] , many FRBs with identified redshifts might be available in the coming years.
It is worth noting that the up-to-date online catalogue of the observed FRBs can be found in [19] , which summarizes almost all observational aspects concerning the published FRBs. On the other hand, in the literature, a lot of theoretical models have been proposed for FRBs, and the number of FRB theories is still increasing. Since in the present work we are mainly interested in the observational aspects, we just refer to [28] for the up-to-date online catalogue of FRB theories.
With the observed DMs and the identified redshifts, FRBs can be used to study cosmology. Actually, in the literature, there are some interesting works using FRBs in cosmology, e.g. [21, 22, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . In the present work, we are interested in using the simulated FRBs to test the cosmological principle, which is one of the pillars of modern cosmology.
As a fundamental assumption, although the cosmological principle is indeed a very good approximation across a vast part of the universe (see e.g. [39, 40] ), actually it has not yet been well proven on cosmic scales > ∼ 1 Gpc [41] . Therefore, it is still of interest to test both the homogeneity and the isotropy of the universe carefully. In fact, they could be broken in some theoretical models, such as the well-known Lemaître-Tolman-Bondi (LTB) void model [42] (see also e.g. [43] [44] [45] and references therein) violating the cosmic homogeneity, and the exotic Gödel universe [46] (see also e.g. [47] and references therein), most of the Bianchi type I ∼ IX universes [48], Finsler universe [49] , violating the cosmic isotropy. On the other hand, many observational hints of the cosmic inhomogeneity and/or anisotropy have been claimed in the literature (see e.g. [44, 45] for brief reviews).
Here, we mainly concentrate on the possible cosmic anisotropy. In the past 15 years, various hints for the cosmic anisotropy have been found, for example, it is claimed that there exists a preferred direction in the cosmic microwave background (CMB) temperature map (known as the "Axis of Evil" in the literature) [50] [51] [52] , the distribution of type Ia supernovae (SNIa) [44, 45, [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] , GRBs [67] [68] [69] , quasars and radio galaxies [70, 71] , rotationally supported galaxies [72, 73] , and the quasar optical polarization data [74, 75] . In addition, using the absorption systems in the spectra of distant quasars, it is claimed that the fine structure "constant" α is not only time-varying [76, 77] (see also e.g. [78] [79] [80] ), but also spatially varying [81, 82] . Precisely speaking, there also exists a preferred direction in the data of ∆α/α. Interestingly, it is found in [55] that the preferred direction in ∆α/α might be correlated with the one in the distribution of SNIa.
Since the field of FRBs is growing rapidly today, and it can be used to study cosmology, in this work we try to test the possible cosmic anisotropy by using the simulated FRBs. In Sec. II, we briefly describe the methodology to simulate FRBs. In Sec. III, we test the cosmic anisotropy with the simulated FRBs. In Sec. IV, some concluding remarks are given.
II. METHODOLOGY TO SIMULATE FRBS
Clearly, the observed DM of FRB is given by [21, 22, 29, 30, 32] 
where DM MW , DM IGM , DM HG are the contributions from Milky Way, intergalactic medium (IGM), host galaxy (HG) of FRB (actually including interstellar medium of HG and the near-source plasma), respectively. In fact, DM MW can be well constrained with the pulsar data [83, 84] . It strongly depends on Galactic latitude |b|, and has a maximum ∼ 10 3 pc · cm −3 around |b| ∼ 0
• , but becomes less than 100 pc · cm −3 at high Galactic latitude |b| > 10 • [83, 84] . As mentioned above, most of the published FRBs are at high Galactic latitude |b| > 10
• [19] , and hence DM MW is a relatively small term in Eq. (5). For a well-localized FRB (available in the coming years), the corresponding DM MW can be extracted with reasonable certainty [85] . Following e.g. [22, 32] , it is convenient to define the extragalactic (or excess) DM of FRB as
Actually, the main contribution to DM of FRB comes from IGM, which can be obtained by using Eq. (4) . In e.g. [23, 24] , DM IGM for a fully ionized and pure hydrogen plasma has been studied. Assuming that all baryons are fully ionized and homogeneously distributed, the number density of free electrons is given by [23, 24] 
where
) is the well-known present fractional density of baryons (the subscript "0" indicates the present value of the corresponding quantity), H 0 is the Hubble constant, m p is the mass of proton. On the other hand, the element of distance [23, 24] 
where H ≡ȧ/a is the Hubble parameter, a = (1+z) −1 is the scale factor, and a dot denotes the derivative with respect to cosmic time t. Using Eqs. (7), (8) and (4), one obtain [23, 24] 
where E ≡ H/H 0 is the dimensionless Hubble parameter. DM IGM is the mean of DM IGM , and DM IGM will deviate from DM IGM if the plasma density fluctuations are taken into account [86] (see also [23, 35] ). However, this is the simplified case. A more general and realistic case was discussed in [21] , by considering IGM comprised of hydrogen and helium which might be not fully ionized. The hydrogen (H) mass fraction Y H = (3/4) y 1 , and the helium (He) mass fraction Y He = (1/4) y 2 , where y 1 ∼ 1 and y 2 ≃ 4 − 3y 1 ∼ 1 are the hydrogen and helium mass fractions normalized to the typical values 3/4 and 1/4, respectively. Their ionization fractions χ e, H (z) and χ e, He (z) are functions of redshift z. Noting that H and He have 1 and 2 electrons respectively, the number density of free electrons at redshift z is given by [21, 22] n e, z = n H, z χ e, H (z) + 2 n He, z χ e, He (z) = [ n H, 0 χ e, H (z) + 2 n He, 0 χ e, He (z) ] (1 + z)
where f IGM is the fraction of baryon mass in the intergalactic medium, and
Using Eqs. (10), (8) and (4), one obtain [21, 22] 
Obviously, DM IGM in Eq. (12) is the generalized version of the one in Eq. (9). The current observations suggest that the intergalactic hydrogen and helium are fully ionized at redshift z < ∼ 6 and z < ∼ 3 [87, 88] , respectively. Therefore, following e.g. [22, 32] , in the present work we only consider FRBs at redshift z ≤ 3 to ensure that hydrogen and helium are both fully ionized, and hence χ e, H (z) = χ e, He (z) = 1. In this case, f e (z) ≃ 7/8. Following e.g. [22, 29, 32] , we adopt f IGM = 0.83 (see e.g. [89, 90] and [21] ).
In this work, we employ Monte Carlo simulations of FRBs to test the possible cosmic anisotropy. Here, we generate the simulated FRBs by using the simplest flat ΛCDM model as the fiducial cosmology. As is well known, in this case, the dimensionless Hubble parameter is given by
where Ω m, 0 is the present fractional density of matter. We adopt the latest flat ΛCDM parameters from Planck 2018 CMB data [91] , namely H 0 = 67.36 km/s/Mpc, Ω m, 0 = 0.3153, and Ω b, 0 = 0.0493. In this case, K IGM = 928.0118 pc · cm −3 . With these fiducial parameters, we can get the mean DM IGM by using Eq. (12). As mentioned above, DM IGM deviates from DM IGM if the plasma density fluctuations are taken into account [86] (see also e.g. [23, 35] ). According to [86] , DM IGM can be approximated by a Gaussian distribution with a random fluctuation σ IGM = 100 pc · cm −3 [86] (see also e.g. [22, 23, 35] ),
On the other hand, DM HG , namely the contribution from host galaxy of FRB to DM, is poorly known. It depends on many factors, such as the type of host galaxy, the site of FRB in host galaxy, and the inclination angle of the disk with respect to line of sight [29] . The local DMs of FRB host galaxies might be assumed to have no significant evolution with redshift [32] , namely the mean DM HG, loc ∼ const., and DM HG, loc can be approximated by a Gaussian distribution with a random fluctuation σ HG, loc [22, 29, 30, 32] , namely
To determine the values of DM HG, loc and σ HG, loc , it is helpful to consult our Galaxy (Milky Way). As mentioned above, DM MW < ∼ 100 pc · cm −3 at high Galactic latitude |b| > 10 • , and its average dispersion is a few tens of pc · cm −3 [83, 84] (see also e.g. [29, 30] ). So, it is reasonable to adopt the fiducial values DM HG, loc = 100 pc · cm −3 and σ HG, loc = 20 pc · cm −3 following e.g. [22] . For a FRB at redshift z, its observed DM HG and the uncertainty should be redshifted (see e.g. [22, 29, 30, 32] ),
There is no existing guideline for the redshift distribution of FRBs by now. Following e.g. [22, 29, 30] , we assume that the redshift distribution of FRBs takes a form similar to the one of GRBs [92] ,
For a simulated FRB, we can randomly assign a redshift z from this distribution. Then, the corresponding DM IGM can be obtained by using Eq. (12), and hence we can assign a random value to DM IGM from the Gaussian distribution (15) . On the other hand, the value of DM HG, loc can be assigned randomly from the Gaussian distribution (16) . Finally, the extragalactic (or excess) DM defined in Eq. (6) of this simulated FRB is given by
III. TESTING THE COSMIC ANISOTROPY WITH THE SIMULATED FRBS
A. Generating the simulated FRB datasets with a preset direction
In fact, the methodology to simulate FRBs given in Sec. II is statistically isotropic. Although there exists variance in DM E for different lines of sight, it is actually statistical noise due to random fluctuations, and hence there is no preferred direction in the simulated FRB datasets indeed.
There exist various methods to generate the simulated datasets with a preset direction in the literature (e.g. [44, 63, 93, 94] ). A simple way is to directly put a dipole with the preset direction into the simulated data under consideration. In our case, the simulated data of FRB is the extragalactic (or excess) dispersion measure DM E , similar to the cases considered in e.g. [22] . Since the simulated DM E given in Eq. The marginalized 1σ constraints on the amplitude AD, the right ascension α, and the declination δ of the dipole, by using various simulated datasets consisting of NFRB FRBs generated with a preset dipole A fid
• , and δ fid = 10
• . The green error bars with magenta means (the red error bars with blue means) indicate the cases that AD = 0 is consistent (inconsistent) with the simulated FRB dataset in the 1σ region, respectively. Note that AD is given in units of 10 −3 . See the text for details.
statistically isotropic in fact, we refer to it as DM iso E instead. The simulated DM E with a preset direction n fid is given by
where DM iso E is actually the one given in Eq. (19) , A fid D is the amplitude of the preset fiducial dipole. The preset fiducial dipole directionn fid in terms of the equatorial coordinates (α, δ) is given bŷ n fid = cos(δ fid ) cos(α fid )î + cos(δ fid ) sin(α fid )ĵ + sin(δ fid )k ,
whereî,ĵ,k are the unit vectors along the axes of Cartesian coordinate system, and α fid , δ fid are the right ascension (ra), declination (dec) of the preset fiducial dipole direction, respectively. The position of the i-th simulated data point with the equatorial coordinates (α i , δ i ) is given bŷ
Note that in the present work, we arbitrarily adopt the preset fiducial dipole direction as α fid = 150
• and δ fid = 10
• . On the other hand, the amplitude of the preset fiducial dipole A fid D will be specified in the particular simulation (see below).
Let us briefly describe the main steps to generate the simulated FRB datasets with a preset direction:
(A) Assign a random number uniformly taken from [ 0 • , 360 • ) to the simulated FRB as its right ascension α i , and assign a random number uniformly taken from [ −90
• , +90
• ] to this simulated FRB as its declination δ i . The formatted output data file for the simulated FRBs contains N FRB rows of (
Once a simulated FRB dataset has been generated, one should forget everything used to generate it, including all the fiducial cosmology, parameters, and preset dipole. One should pretend to deal with it as a real "observational" dataset blindly. 
B. Testing the cosmic anisotropy with the simulated FRB datasets
Here, we try to test the possible cosmic anisotropy with the simulated FRB datasets. We assume that the universe can be theoretically described by a flat ΛCDM model, and the corresponding dimensionless Hubble parameter E(z) is given in Eq. (14) . We consider the extragalactic (or excess) dispersion measure DM E with a possible dipole, where DM E = DM IGM + DM HG, loc /(1 + z), and DM IGM is given in Eq. (12) . The dipole direction n in terms of the equatorial coordinates (α, δ) is given bŷ n = cos(δ) cos(α)î + cos(δ) sin(α)ĵ + sin(δ)k .
There are 6 free model parameters, namely Ω m, 0 , K IGM , DM HG, loc , A D , α and δ. The constraints on these 6 free model parameters can be obtained by using the simulated FRB dataset. The corresponding χ 2 is given by
In the following, we use the Markov Chain Monte Carlo (MCMC) code CosmoMC [95] FRBs, respectively. For each simulated FRB dataset, we can obtain the constraints on the 6 free model parameters mentioned above, by using the MCMC code CosmoMC. We focus on the parameters related to the dipole, namely A D , α and δ. We present the marginalized 1σ constraints on these 3 dipole parameters versus N FRB in Fig. 1 . The green error bars with magenta means (the red error bars with blue means) indicate the cases that A D = 0 is consistent (inconsistent) with the simulated FRB dataset in the 1σ region, respectively. If A D = 0 is consistent with the "observational" dataset, it means that no preferred direction is found. Unfortunately, from Fig. 1 , we see that even up to the case of N FRB = 10000, A D = 0 is still consistent with the simulated FRB dataset. On the other hand, the constraints on the dipole direction (α, δ) are fairly loose. Even in the cases that A D = 0 is not included in the 1σ region, the "found" 1σ angular regions are too wide to say that a preferred direction is really found. Thus, FRBs are not competent to find the tiny cosmic anisotropy with a dipole amplitude of O(10 −3 ). We will come back to this issue in the next subsection (Sec. III C).
We turn to the case of a larger cosmic anisotropy represented by a dipole with A FRBs, respectively. Similarly, we present the marginalized 1σ constraints on the dipole parameters A D , α, δ versus N FRB in the top panels of Fig. 2 . It is easy to see that all the cases of N FRB ≥ 2800 can find a non-zero A D beyond 1σ region, while the 1σ constraints on α and δ are also tight. Therefore, at least 2800 FRBs are competent to find the cosmic anisotropy with A fid D = 0.01. More FRBs lead to tighter constraints on the cosmic anisotropy. It is of interest to see also the constraints on the other free model parameters. In Fig. 3 , we present the marginalized probability distributions of all the 6 free model parameters for the case of N FRB = 2800. Obviously, the constraints on all the 6 parameters are consistent with the fiducial ones used to generate this simulated FRB dataset. For conciseness, we choose not to show the constraints on all the 6 parameters again in the rest of this paper, since we are mainly interested in the 3 parameters related to the cosmic anisotropy, namely A D , α and δ. in Fig. 4 . To see clearly, we also enlarge the parts of N FRB ≤ 400 in the bottom panels of Fig. 4 . For such a big cosmic anisotropy, it is easy to find the non-zero dipole with high precision by using very few FRBs with known redshifts. In fact, at least 20 FRBs with known redshifts are competent to find the cosmic anisotropy with A fid D = 0.1. However, by now, there is only one FRB (the repeater FRB 121102) having an identified redshift, and hence the published FRBs to date are still not enough. We expect that such a big cosmic anisotropy can be ruled out by using only a few tens of FRBs with known redshifts in the near future.
C. Ratio of pseudo anisotropic signals from the statistical noise
An important question is how reliable are the above results? In fact, pseudo anisotropic signals from the statistical noise due to random fluctuations are possible. Here, we would like to test this possibility in more details.
The key is to find the pseudo anisotropic signal in the simulated FRB datasets generated without a preset anisotropy (namely A Fig. 5 . However, a non-zero A D is not enough to say that a preferred direction has been found. In fact, many of them correspond to a very wide 1σ angular region, namely the 1σ constraints on the angular parameters α and δ are very loose, as shown by the long red error bars with blue means in the middle and right panels of Fig. 5 . In some cases, the corresponding direction can be the whole sky or a half sky. Therefore, we cannot say that a preferred direction has been really found. On the contrary, we would like to mention the fairly tight 1σ constraints on α and δ in the simulations generated with a no-zero dipole (A Similarly, noting that at least 2800 FRBs are competent to find a cosmic dipole with amplitude ∼ 0.01 as mentioned above, we randomly generate 1000 simulated datasets consisting of N FRB = 3000 FRBs without a preset dipole (namely A fid D = 0). In Fig. 6 , we present the marginalized 1σ constraints on the 3 dipole parameters for each simulated dataset consisting of N FRB = 3000 FRBs. In all the 1000 simulations, there are 218 simulations having a non-zero A D beyond 1σ region, as shown by the red error bars with blue means in the left panel of Fig. 6 . Again, many of them correspond to a very wide 1σ angular region, namely the 1σ constraints on the angular parameters α and δ are very loose, as shown by the long red error bars with blue means in the middle and right panels of Fig. 6 . In these 218 simulations with a non-zero A D beyond 1σ region mentioned above, only 133 simulations can pass the loose direction criterion proposed above. However, only 3 of these 133 simulations have a 1σ upper bound on A D higher than 0.01 (please remember that 3000 FRBs are competent to find a cosmic dipole with amplitude ∼ 0.01 as mentioned above). Thus, when we report a cosmic dipole with amplitude ∼ 0.01 by using 3000 FRBs, the ratio of pseudo anisotropic signals from the statistical noise is around 3/1000 = 0.3%.
Through the above two concrete examples, we show that the results obtained in Sec. III B are reliable, because the ratio of pseudo anisotropic signals from the statistical noise is fairly low. It is worth noting that the available FRBs with known redshift will be numerous in the coming years, as mentioned in Sec. I. With numerous FRBs, it is reasonable to expect that the ratio of pseudo anisotropic signals from the statistical noise will become much less than 0.1%.
As a byproduct, from the above simulations, we can also understand why FRBs are not competent to find the tiny cosmic anisotropy with a dipole amplitude of O(10 −3 ), even by using 10000 FRBs with known redshifts, as mentioned in Sec. III B. As shown in the left panels of Figs. 5 and 6, most of the means (magenta and blue points) of A D from the statistical noise are about O(10 −3 ). Therefore, even a real anisotropic signal of O(10 −3 ) exsists, it will be hidden behind the statistical noise.
IV. CONCLUDING REMARKS
In the recent years, the field of FRBs is thriving and growing rapidly. It is of interest to study cosmology by using FRBs with known redshifts. In the present work, we try to test the possible cosmic anisotropy with the simulated FRBs. We find that at least 2800, 190, 100 FRBs are competent to find the cosmic anisotropy with a dipole amplitude 0.01, 0.03, 0.05, respectively. Unfortunately, even 10000 FRBs are not competent to find the tiny cosmic anisotropy with a dipole amplitude of O(10 −3 ). On the other hand, at least 20 FRBs with known redshifts are competent to find the cosmic anisotropy with a dipole amplitude 0.1. We expect that such a big cosmic anisotropy can be ruled out by using only a few tens of FRBs with known redshifts in the near future.
Some remarks are in order. First, it is a bad news that FRBs are not competent to find the tiny cosmic anisotropy with a dipole amplitude of O(10 −3 ). In fact, it is easy to imagine that even the cosmological principle is broken, the violation cannot be too large. For example, the Union2.1 sample consisting of 580 SNIa suggests that there is a cosmic anisotropy with a dipole amplitude around 1.2 × 10 −3 [63] . No cosmic anisotropy has been found in the JLA sample consisting of 740 SNIa [44, 60, 61] and the latest Pantheon sample consisting of 1048 SNIa [45, 65, 66] . Our results obtained here suggest that FRBs can be used to find or rule out the cosmic anisotropy with a dipole amplitude > ∼ 10 −2 , but cannot be used to find or rule out the cosmic anisotropy with a dipole amplitude < ∼ O(10 −3 ). Second, as mentioned in Sec. III C, a possible cosmic anisotropy of O(10 −3 ) will be hidden behind the pseudo anisotropic signals of O(10 −3 ) from the statistical noise. Thus, it is necessary to reduce the statistical noise. As mentioned in Sec. II, the main cause of this considerable statistical noise is the large σ IGM ∼ 100 pc · cm −3 [86] due to the IGM plasma density fluctuations. On the other hand, actually this large σ IGM ∼ 100 pc · cm −3 is also the cause of the relatively large uncertainty when one uses FRBs to constrain other cosmological parameters (see e.g. [21, 22, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] ). To obtain tight constraints, one has to combine FRBs with other cosmological probes such as SNIa, baryon acoustic oscillations (BAO), CMB, and GRBs. Therefore, it is of interest to reduce this large σ IGM in FRBs cosmology.
Third, the present work can be extended to more general cases. For example, we consider a flat ΛCDM cosmology here, and it can be generalized to other cosmological models such as wCDM and CPL. On the other hand, here we only consider FRBs at redshift z ≤ 3 to ensure that hydrogen and helium are both fully ionized. However, we can extend to high redshift z ≤ 6. In the redshift range 3 < z < 6, although helium is not fully ionized while hydrogen is fully ionized, the relevant calculations still can be carried out (see e.g. [29] ). Actually, it is expected that FRBs are detectable up to redshift z ∼ 15 in e.g. [96] . Although it is really a challenge to calculate DM at high redshift z > 6, FRBs at high redshifts are fairly valuable in cosmology.
Finally, the field of FRBs is growing rapidly. In fact, many new findings have been obtained after the (pre-)commissions of ASKAP and CHIME in 2018. Big breakthroughs in the coming years are expected. Therefore, FRBs cosmology might also have a promising future.
